





(1938) sugar No sugor] (1939) Sugar No sugar
6 added odded| |6 added | added.
L ‘ o—e Acidity e-- G o—o Acidity o--e
v ‘ o—o Reducingo---0 | © o—oReducingo---o
Q 12 sugars 1 8 o sugars
e —‘4:-'-<“ =" -
y g 3 .
g. I a /7,
w 08[—x /7 \ v 08
E I }/, \ E IR \
o] h ' s i
> LY —
o N ST
¢ LJ‘F*--;—-.O._:-'Q i e
5 10 15 20 10 15 20
Days Days

Fig. 6. Curves showing influence of addition of sugar (3.5 ib. of dextrose) to dill brines

on seventh and tenth days.

atter the fermentation begins.  Accord-
ingly, a curve representing changes in
sugar concentration in dill brines to
which no sugar has been added will
show a fairly rapid increasc in sugar
content for approximately threc days
and then a correspondingly rapid dc-
crease caused by the utilization of sugar
in the fermentation.

The curves for brine sugar concen-
tration in brines to which sugar has
been added are somewhat different in
shape. In this case the concentration
is high at the time the sugar is added
but decreases very rapidly as a result
of the dilution of the brine with water
withdrawn from the cucumber and of
the utilization of the sugar by micro-
organisms after fermentation begins.

Figures 3, 4 and 5 present the results
of experiments made in 1937, 1938,
and 1939. In these experiments sugar
was added at the rate of 3.5 lb. per

barrel to each of two barrels at the:

beginning of the curing period and two
comparable barrels to which no sugar
was added were followed as check or
control lots. The sugar curves indicate
that the sugar concentration was
reduced at a very much more rapid
rate in the brines to which sugar was
added than in the brines of the no-
sugar-added lots. In spite of this more
rapid sugar utilization, only slight dif-
ferencés were observed in the rate of
acid production or in the final acidity
developed in the brine of lots receiving
the two different treatmaents. As will
be emphasized later these differences
were too small or too irregular to be
considered significant.

Experiments on the effect of the
addition of the sugaseto the brine after
the acid formation had become well
started have beecn madc. The results
of these studies are presented in Fig.
6. The values shown 1n the 1938 graph
may be considered by some to indicate
that thc addition of sugar accelerates
acid formation. It should be borne in
mind, however, that in this case the
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Fig. 7. 1933 dills, showing influence of

addition of sugar (0.7 lb.—initially and on
the fourth, sixth, eighth and tenth days)
to dill brines containing 0.5 gal. of 110
grain vinegar.

sugar was not added until the seventh
day and the greatest difference in the
acidity of the brines for the lots receiv-
ing the given treatments was observed
Furthermore, no
greater diffcrences in acidity between
the sugar and no sugar treatments devcl-
oped following the addition of this
appreciable quantity of sugar.

The 1939 graph indicates the results
obtained in a repetition of the 1938
study. In this case, the differences were
actually reversed.  Accordingly, little
or no significance can be attnbuted to
the small differences observed.

Inasmuch as .no appreciable differ-
ence in brine acidity was observed to
be induced by the addition of 3.5 Ib.
of sugar at a given time cither at the
start or after 7 or 10 days, it scemed
desirable to approach this study in
another manner. It was thought that
by adding the 3.5 Ib. of sugar in small
quantitics at intervals over an extended
period of time, the added sugar might

- be converted more efficiently into acid,

thereby resulting in the formation of an
mcreased quantity of acid.  Accord-
ingly, in 1939 the cffect of a morc
gradual addition of 3.5 Ib. of sugar per

Dbarrel was tested. To each of the sugar-
added barrels was added 0.7 1b. of
dextrose at thc start and on the +4th,
6th, 8th and 10th days after starting.
The analyses of brines from this treat-
ment are given in Fig. 7 and show that
such a method of adding sugar resulted
in the maintenance of a somcwhat
highcr concentration of sugar in the
brine for the first nine days. In spitc
of this, the acidity curve for this treat-
ment at no time prior to the eightecnth
dav cven equaled that of the trcatment
receiving no added sugar.
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PART II

GENERAL reconsideration of

the individual experiments which
have been conducted indicates  that the
data has consistently shown that there
was no appreciable increase in acid
formation induced by the addition of
sugar to brine prior to or during the
period of active fermentation. Small
differences between treatments in com-
Farative brine acidity have been shown
rom one experiment to another. The
results of the experiments involved are
collected in table form (Table I).
These results have been analyzed to
determine if the small differences
observed between treatments were sig:li-
ficant. This analysis indicated that
greater variation was encountered be-
tween treatments than between dupli-
cate lots within a treatment. However,



the observed differences between treat-
ments was too small to be considered
significant  (tested by -analysis of
variance).

To further clarify this matter, the
acidity values for four different experi-
ments have been averaged for respective
treatments and presented graphically
(Fig. 8). Each curve represents an
average of values from eight barrels for
each treatment. Two conclusions are
drawn from the curves shown in Fig.
8: (1) The difference in brine acidity
between the lots receiving added sugar
and those to which no sugar was added
was never greater than 0.06 percent;
(2) there was no evidence indicating
that acid formation was accelerated by
the addition of sugar at the start of
the experiment. From the evidence
presented in Table I and Fig. 8, the
authors conclude that the addition of
sugar-to dill brines during the curing
process did not result in significant
change in brine acidity.

In connection with these experiments
involving the addition of sugar to salt
stock and dill brines, observations upon
changes other than in brine acidity
have been made. .

At the end of the 1938 season it was
found that in the lots of dills to which
sugar was added the proportion of
bloaters formed was many times greater
than in the control lots. Bloater
formation is particularly undesirable in
dill production. A discussion of the sub-
ject of the formation of bloaters dur-
ing the curing of salt stock or dills
is not properly included here but has
been reported separately.” However,
reference is made at this time to cer-
tain data showing a distinct relation-
ship between the percentage of bloaters
formed and the addition of sugar to the
brine during the curing process. Table
II gives data obtained during two sea-
sons in connection with the manufac-
ture of dill pickles. The results show
that a marked increase in the percent-
age of bloaters formed occurred when
sugar was added to the brine and points
strongly to the undesirability of such
additions. ‘

Bloater counts were also made in
connection with the salt stock experi-
ment involved in Fig. 2. Special pre-
cautions were taken to insure uniformity
of stock before the dextrose was added
on the 11th day. The results of the
counts given in Table III show more
than a threefold increase in bloaters
in barrels to which sugagwas added.

Particular importance 1s attributed to
the resylts of this experiment because
of the precautions taken, to keep all
factors constant except the quantity of
sugar added. It demonstrates not only
the ineffectiveness of the practice of
adding sugar to the brine to increase
brine acidity (see Fig. 2), but also the
decided undesirability of the practice

from the viewpoint of the quality of
the salt stock produced.

So far the studies which have been
reported have been confined to those
of the production of salt stock or dills
cured in small lots; that is, three or four
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Fig. 8. Influence of the addition of sugar
(3.5 1b. of dextrose at start) to dill brines.
Graph represents comparative averages of
values from four experiments conducted in
three seasons.
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Fig. 9. 1939 salt stock, vat study, showing
influence of addition of sugar to 20-deg.
brine on tenth day. Salting schedule: 20
deg. first week, raised 10 deg. per week
thereafter.

bushels of cucumbers cured in barrels.
A single experiment involving the use
of a vat of cucumbers has been con-
ducted and the observations were very
striking. This experiment is outlined
as follows:

An 85-bu. vat, salted according to a
20-deg. schedule, was inoculated during
the first 24 hours with 20 gal. of a
brine which was undergoing a rapid
acid fermentation. This vat in turn
exhibited an active acid fermentation
during the first week of the curing pro-
cess. On the tenth day, 85 Ib. of
dextrose was added to the brine. The
brine was then mixed by pumping-
over for an hour. Observations made
include change in brine sugar con-
centration, brine acidity changes, com-
parative rate of gas evolution and

TABLE I—Influence of Addition
of Sugar to Dill Brines During
Fermentation.

(Brine acidity, on 18th day, of individual

lots receiving treatments listed below.

Acidity expressed as grams lactic acid per
100 ml. brine.)

Treatment

Sugar added
No sugar On 7th
or 10th At 2-day
Year (control) At start day intervals
1937 1.08 1.16  .....
1.12 .13 ...,
Mean 1.100 1.145  .....
1938 1.01 1.20 1.08
1.21 1.24 1.10
Mean 1.110 1.220 1.090
1939 0.98 1.12 1.07 0.97
1.03 1.00 1.04 1.11
Mean 1.005 1.06 1.055 1.040

changes in the microbiological flora in-
duced by this treatment. Fig. 9 pre-
sents the observed changes in brine
acidity and brine sugar concentration
during the first 25 days of the curing of
this vat. It is evident that the addition
of sugar to this lot of fermenting salt
stock was of no significance whatever, in
respect to acid formation. The disap-
pearance of sugar was exceedingly rapid.
To further indicate the rate of sugar
decomposition, Table IV has been pre-
ared.

Gas evolution took place so rapidly

that several gallons of brine. overflowed
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Fig. 10. 1939 salt stock, vat study, showing
influence of addition of sugar to 20-deqg.
brine on tenth day upon the growth of
acid-forming bacteria and yeasts.



TABLE II — Bloaters .Formed
During Production of Dills.*

{In lots which received sugar at different
times during the fermentation and in lots

which received no  additional  sugar
(control).]
Percentage of bloaters
2,400 count size  800-1,000 count
(1939 studies) size (1938 studies)
Time of Sugar Sugar
addition of adged
sugar to brine lot  Control lot Control
Atstart........ 18 4 78 20
On 7th day..... .. .. 70 20
On 10th day.... 26 4 . ..
** At intervals.. 17 4

* Salting schedules: All lots received standard
treatment involving addition of dill weed, mixed
.spices, 0.5 gal. 110 grain vinegar, and salt at rate of
0.45 1b. per ga.llon capacity of barrel at start. Barrels
were headed, filled with water and rolled at frequent
intervals early. 3

Sugar-added lots received 3.5 Ib. dextrose at times
indicated.

**0.7 1b. dextrose added at start and subsequently
on 4th, 6th, 8th and 10th days.

TABLE III — Bloaters Formed
During Production of
Salt Stock.”

[In a lot which received 3.5 Ib. of dextrose
on eleventh day and a lot which received
no additional sugar (control).]

Percentage

Treatment of bloaters
Sugar-added lot. . ... 21
Control (no added

BUBAT) .. .......u. 28
* Cured according to 40 deg. salting schedule.

TABLE IV—Changes in Titra-
table Acidity. and Sugar Con-
centration of Brines.

(Immediately preceding and following the
addition of 85 Ib. of dextrose to an 85-bu.
vat of salt stock on tenth day.)

Titratable Sugar
acidity concentration
(Expressed (Expressed
as gm. lactic as gm. glucose
Starting (days) per 100 ml.)  per 100 ml.)
.................. 0.79 0.06
10 (prior to addition
BUEBL)......... 0.79 0.4
10 (after addition of
sugar calculated.. . ... 1.8 or greater
11 511:00 a.m.) 0.80 0.85
11 (4:00 p.m.). 0.80 0.53
11 (11:00 p.m.) 0.81 0.12
12........... 0.80 0.05
., 0.80 0.05

the vat, because of volume changes in-
duced by gas formation. This extremely
rapid gas production and rapid sugar
destruction indicated intense micro-
biological  activity. Bacteriological
analyses of the bnne of this vat were
made at daily intervals during the period
of active fermentation. Microbial popu-
lation relationships are shown in Fig.
10. The curve in the upper part of
this figure shows that the acid-form-
ing bacteria count was Righ during the
first week, the peak being reached on
the fifth day. Subsequent to this time,
a rapid decline in numbers occurred in
spite of the addition of sugar to the
brine on the tenth day. This fermenta-
tion is shown to have been more or

less complete on the twelfth day.
The yeast population on the other

hand (lower part of curve) presents
an entirely differcnt picture. The yeast
count increased rapidly after the fifth
day, attained an apparent maximum on
the seventh day-and then started to
decrease. Upon addition of sugar on
the tenth day, the yeast count jumped
to the exceedingly high figure of 810,-
000 per cubic centimeter on the
eleventh day and dropped rapidly to a
very low figure on the thirteenth day.

It will be recalled that, in Table TV,
chemical analysis of the brine indicated
that the brine sugar concentration on
the twelfth day had already diminished
to a very low equilibrium level.

Additional data on differences in mi-

crobial population induced by the addi-
tion of sugar to brines is shown in
Fig. 11. These represent observations
on some of the dill experiments pre-
viously described in this report.

Part A of Fig. 11 represents the 1937
studies. The acid forming bacteria
curve (upper part) indicate that there
was a marked increase in the number
of these organisms in the case where
sugar. was added to the brine as com-
{)ared with the no sugar treatment. The
ower curves of part A show the yeast
population in the same brines. As was
true for acid-forming bacteria, the yeast
counts attained a much higher level

and were higher over a considerably
longer period in the treatment receiving
added sugar than in the control lot.

In part B of Fig. 11 (1939 studies)
a genetal relationship very similar to
that shown in part A is seen. In this
latter case, however, the difference in
the population of acid-forming bacteria
was not as great between treatments as
in the 1937 studies. However, the lower
curves of part B indicate that the yeast
population was markedly different be-
tween the treatment receiving added
sugar and the control.

It would therefore seem, from the
limited bacteriological observations pre-
sented here, that the addition of sugar
to brines at the start of the curing of
salt stock -or' dills results in a condition
favoring the development of increased
microbial populations: The quantita-
tive relationships in this respect may
vary considerably from one time to
another. This increase in the number
of organisms may appear in some cascs
to be that of the acid-forming bacteria,
in other cases that of the yeasts, and
in still other cases there may be greater
numbers of both types of organisms.
The observed increase in acid-forming
bacteria which developed when sugar
was added to brines before or during
the fermentation has not been reflected
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Fig. 11. Dill studies, showing influence of addition of sugar at the start upon growth of

acid-forming bacteria and yeasts.



in a significant increase in brine acidity.

Summary and Conclusions

Under the conditions descgbed,
obscrvations have been reported on the
addition of sugar to brines before fer-
mentation begins, or during fermenta-
tion, in the production of dills and

salt stock. This report deals with studies
conducted during four curing seasons,
involving several salting treatments.
The addition of sugar to salt stock
or dill brines, prior to or during active
fermentation, caused no significant
change in brine acidity as compared to
control treatments. Furthermore, there

was no evidence of an acceleration of
acid formation when sugar was added
at the start or after the fermentation
was in progress.

The addition of sugar brought about
a large increase in the proportion of
bloaters formed during the production
of either salt stock or dills.



